Abstract The Sipuncula show low species diversity in the Arctic Ocean, but they often occur in very high numbers and biomass, and can dominate shelf benthic communities. We describe here the patterns of sipunculan diversity, abundance, biomass, and species distribution in the Pacific Arctic, and the relation of those patterns to controlling environmental factors. Five species (including two subspecies) belonging to two families and three genera are known to be present in Pacific-influenced Arctic waters. Although sipunculans were found at only about 30% of sampled stations, they constituted, if present, up to about 10% of the total macrobenthic abundance, and over 80% of the total infaunal biomass, particularly in many locations in the Chukchi Sea. The mean sipunculan abundance was 24.5 ± 155.9 individuals m -2 , with a maximum of 1745 individuals m -2 . The mean sipunculan biomass was 14.0 ± 73.8 g wet weight m -2 , with a maximum of 698.7 g wet weight m -2 in the northwest Chukchi Sea. The sipunculan abundances and biomass observed were related to latitude, depth, and sediment characteristics. The populations observed should be considered significant and characteristic components of the Pacific Arctic shallow shelf systems and food webs. This conclusion proves to be true also for other Arctic shelf seas like the Barents Sea, and deep Arctic ecosystems.
Introduction
The Sipuncula is a small and species-poor phylum of about 150 species widely distributed in the world's oceans in all depths (Cutler 1994) . In the Arctic seas there are only about 12 species (Murina 1977; Kędra and Murina 2007) , but, despite low diversity, they often occur in very high numbers and biomass, dominating benthic communities in both shelf and deep-sea habitats (Grebmeier et al. 2006 Kędra and Włodarska-Kowalczuk 2008; Shields and Kędra 2009 ). Sipunculans are active burrowers and important bioturbators (Murina 1984) . In the deep sea they are known as 'ecosystem engineers' and producers of deep burrows (genus Nephasoma; Romero-Wetzel 1987; Graf 1989) . They are mainly deposit feeders, and usually transform particulate organic matter (microalgae, protista, meiofauna, detritus, fecal pellets) from the water column, sediment surface or sediment itself (Murina 1984) , but some species may also filter-feed (Gibbs 1977) . In turn, sipunculans are preyed upon by cephalopods, sea anemones, crabs (Fischer 1925; Divine et al. 2017) , gastropods and fish (Kohn 1975) , and marine mammals, such as walruses (Sheffield et al. 2001; Sheffield and Grebmeier 2009) .
Most studies of sipunculans in the Arctic have been predominantly concentrated in the Atlantic sector of the Arctic: Greenland (Wesenberg-Lund 1934 , 1937 , 1938 , Svalbard (Kędra and Murina 2007) , and the deep Nordic Seas (Kędra and Shields 2011) . The Pacific Arctic Region has received much less scientific attention in terms of sipunculan fauna (Murina 1977 (Murina , 1985 Grebmeier in press). Murina (1977) is the lone monograph summarizing the state of knowledge on sipunculans in all Arctic seas. These earlier studies, however, focused on taxonomic aspects, while the ecological role and function, especially in the food web, have only rarely been studied in the Arctic Ocean. The few exceptions include studies in the Barents Sea (Garbul and Anisimova 2012) , Svalbard fjords (Kędra and Włodarska-Kowalczuk 2008) , and deep Nordic Seas (Shields and Kędra 2009) . However, to the best of our knowledge, a synopsis of the ecology of the group in the Pacific Arctic waters has never been attempted. Yet, sipunculans are known to dominate the benthic biomass and abundance in various regions in the Pacific Arctic, especially in the northern Chukchi Sea (e.g., Grebmeier et al. 2006 Grebmeier et al. , 2015 .
Here, we put together extensive data on the sipunculan distribution, diversity, abundance, and biomass in the waters of the northern Bering and Chukchi Seas. Additional qualitative data from the Beaufort Sea are also presented. The aim of the present study is to: (1) describe the patterns of sipunculan diversity, abundance, biomass, and species distribution in the Pacific Arctic, (2) relate observed patterns to environmental factors, and (3) discuss the role of sipunculans in functioning of the Pacific Arctic shallow shelf ecosystems.
Materials and methods

Study area
The Pacific Arctic marine ecosystem consists of the broadshallow continental shelves of the northern Bering, the Chukchi and eastern East Siberian seas, and the narrow shelf and steep slope of the Beaufort Sea. The region is seasonally ice-covered and sea ice extent usually reaches a maximum in March and a minimum in September. The water masses of Pacific origin flowing northwards toward the Arctic Basin include: the narrow, surface-intensified, nutrient-poor, warm, and fresher (\31.8) Alaska Coastal Water (ACW) along the Alaskan coast, the nutrient-rich and more saline ([32.5) Anadyr Water (AW) near the Siberian coast, and the moderately warm, intermediate saline (31.8-32.5) Bering Shelf Water (BSW) in between (Coachman et al. 1975; Woodgate et al. 2005a, b; Grebmeier et al. 2006) . Nutrients and algal production, organic carbon, zooplankton, and hydrographic properties are redistributed by these water masses from the Bering slope and the central Bering shelf into the northern Bering and Chukchi seas, and further into the Arctic Ocean (Walsh et al. 1989; Weingartner et al. 2005; Woodgate et al. 2012; Grebmeier et al. 2015; Lowry et al. 2015) . The hydrography of these water masses controls the intensity of primary production in the region (Walsh et al. 1989) . The northern Bering and Chukchi Seas are highly productive during iceedge retreat (Hill and Cota 2005; Hill et al. 2017 ), but studies indicate declining production in the northern Bering Sea over the recent years (Lee et al. 2012) . By contrast, primary production is low in the coastal waters of the Chukchi Sea and in the East Siberian Sea, but it may be increasing in offshore waters over recent years (Sakshaug 2004; Hirawake et al. 2012; Petrenko et al. 2013) . Production is also low in the western Beaufort Sea, with some exceptions, such as in upwelling-induced algal blooms at the outer shelf/upper slope region Tremblay et al. 2011) . In these shallow shelf areas, much of the organic matter that is formed in surface shelf waters is either exported unconsumed to the seafloor and fuels productive benthic communities (Ambrose et al. 2005; Grebmeier et al. 2006 Grebmeier et al. , 2015 Grebmeier 2012) , or, having reached the shelf break, it is transported into the basin Moran et al. 2005) . Mud and muddy sands dominate in offshore sediments in the northern Bering, Chukchi, and East Siberian Seas, while finer silts and clays occur in the slope and basin regions (Grebmeier et al. 2006; Grebmeier and Cooper 2014a; Pisareva et al. 2015) . High current regimes promote the dominance of gravel, pebbles, rocks, and sand close to St. Lawrence Island, in nearshore regions of the Chirikov Basin, Bering Strait, Herald Valley, west of Wrangel Island, and near the Alaskan coast. The total organic carbon (TOC) content in the surface sediments is positively correlated with silt and clay content, and is high in deposition areas (Grebmeier and Cooper 1994; Grebmeier et al. 2006 ). Due to the tight pelagic-benthic coupling, the biomass of benthic fauna is high and is preyed upon by seabirds and marine mammals (Grebmeier et al. 2006; Sheffield and Grebmeier 2009 (Fig. 1) . The sampling effort is summarized in Table 1 . The sediment retrieved by the sampling gear was washed on a 1-mm sieve and fixed in a 10% buffered formaldehyde and seawater solution. The organisms were picked out, counted, and weighed after blotting. Sipunculan specimens were identified to the species level, counted, and weighed. The worms were post-fixed with 50% propanol. Sipunculans from the Beaufort Sea samples were identified, counted, and fixed following the same procedure. Altogether, over 1100 samples were analyzed and 2370 sipunculan specimens were found and identified. All taxonomic nomenclature used follows that of Cutler (1994) . The specimens examined are archived at the Chesapeake Biological Laboratory University of Maryland Center for Environmental Science (Solomons, Maryland, USA; specimens from the Bering and Chukchi Seas) and Institute of Oceanology Polish Academy of Sciences (Sopot, Poland; specimens from the Beaufort Sea).
Analysis
In order to determine which environmental factors [depth, bottom temperature, bottom salinity, sediment chlorophyll (chl) a, total organic carbon, total organic nitrogen, C/N, sediment type (gravel, coarse, medium, fine, and very fine sands, and muds), latitude and longitude as proxy for sea ice cover and distance to the coast] explained most variability among stations (quantitative sampling) we performed principal component analysis (PCA, Primer, http:// www.primer-e.com) on normalized data. On the basis of the PCA plot we selected 6 sampling groups that were determined by the combination of grain size [mud-with dominance of C5 phi fraction, sand-with dominance of combined 1-4 phi fraction, and stations where gravel fraction (B0 phi) had significant (at least 20%) contribution] and sampling region. Differences among those groups were tested with the ANOSIM test. Proportional densities of two dominant species (Golfingia margaritacea, Phascolion strombus) were plotted on the PCA plot. Data were not normally distributed and normality could not be obtained after data transformation (Shapiro-Wilk test, W = 0.17, p = 0.0001 for sipunculan abundance, W = 0.25, p = 0.0001 for sipunculan biomass). Mean values of the abundance and biomass with standard deviations (SD) were calculated within groups of quantitative samples collected from three areas: the St. Lawrence Island Polynya (SLIP), the Chirikov Basin (ChB), and the Chukchi Sea (CS), separated on the bases of sediment type. In addition, extreme values (larger than 3 times the range of standard error) were calculated. The environment-species relations were explored with the canonical corresponded analysis (CCA), which was determined to be appropriate by the results of a preliminary de-trended correspondence analysis (DCA) using the length of the main gradient (after ter Braak and Smilauer 2002). The forward selection of environmental variables was used to identify and rank their importance in determining the species distribution (after ter Braak and Smilauer 2002). A subset of best-fitted variables was selected via repeated forward selection analyses and the progressive elimination of variables with non-significant conditional effects was performed until a set of variables with only significant effects was attained. The significance of the ordination axis in CCA and the effects of environmental variables were tested by Monte Carlo permutation tests using 4999 unrestricted permutations. Data analyses were undertaken using Statsoft software STATISTICA v.9 and CANOCO 4.5 (ter Braak and Smilauer 2002).
Results
Sipunculans were found at 92 of 277 (33%) stations sampled in the northern Bering and Chukchi Seas, where 2215 sipunculan specimens were collected via quantitative sampling with van Veen grabs ( Fig. 1 ; Table 1 ). Additionally, 107 specimens were collected by qualitative sampling in the Beaufort Sea using trawls ( Fig. 1 ; Table 1 ). Five species (including two subspecies) belonging to two families and three genera were found (Table 2) . Golfingia margaritacea was the dominant species and constituted 73% of all specimens sampled, followed by P. strombus which constituted 20%. Those were also the only two species found in the Beaufort Sea ( Table 2 ). The PCA showed that selected environmental factors explained 40.8% of variability among the sampling stations: the first axis explained 24.1% and the second axis 16.7% ( Fig. 2A) .
The most important variable that explained first axis variation was the presence of mud (PCA coefficient: 0.5), fine sands (-0.4), and TOC (0.4), and for the second axis: latitude (-0.4) and presence of very fine sand (0.4) and gravel (-0.4). Six groups, determined on the basis of the PCA plot and combination of sediment properties and area sampled, were significantly different from each other (ANOSIM test, R = 0.5, p = 0.001; Fig. 2a ). The proportional abundance of two dominant species: G. margaritacea and P. strombus were plotted on the PCA showing that the G. margaritacea's abundance increased with increasing proportion of mud in sediments, while P.
strombus tended to occur in higher densities where sediments were coarser (Fig. 2b) . The overall mean sipunculan abundance (based upon quantitative sampling, including samples where sipunculans were not found) was 24.5 ± 155.9 ind. m -2 SD (standard deviation) and ranged, where sipunculans were sampled, from 10 to 1745 ind. m -2 . The values tended to increase with latitude, were higher on muddy sediments, and where gravel fraction was present, and were the highest in the Chukchi Sea, particularly in the Barrow Canyon, near Point Hope, and Hanna Shoal (Figs. 3a, 4a) . The mean sipunculan biomass was 14.0 ± 73.8 gww m -2 SD and, when present, ranged from 0.005 to 698.7 gww m -2 . The lowest values were observed in sandy sediments, while the highest values were in muds, and gravely sediment in the Barrow Canyon and Hanna Shoal (Figs. 3b, 4b ). In the northern Bering and Chukchi Seas sipunculans constituted up to 12% of the total macrobenthic abundance and the proportion increased northwards, and up to 86% of the total infaunal biomass, with the highest proportions in the northern Chukchi Sea (Fig. 4a, b) . The largest specimens belonged to species G. margaritacea, often strongly inflating the total faunal biomass that would otherwise be present without sipunculans. High proportion of sipunculans within the total station benthic biomass was due to G. margaritacea, while high proportion of sipunculans in the total benthic abundance was either due to the presence of G. margaritacea or P. strombus; however, although the two species often cooccurred, their highest abundances were associated with different stations with different environmental settings (Fig. 2b) .
Sipunculans were found at all the depths sampled (from 20 to 750 m) and in all areas-but not at all locations ( Figs. 1, 2 ; Table 1 ). Sipunculans seem to avoid sediments with higher proportion of medium and coarse sands (Fig. 2b) . The CCA analysis explained about 30% of the variance of the species-environment relationship (Fig. 5) . The first canonical axis was significant (Monte Carlo test, F = 20.234, p = 0.0132) and so were all canonical axes (F = 3.046, p = 0.0124). The first axis explained 19.2% of variance, while the second axis explained 7.1%. The occurrence of gravel and coarse sand fractions were positively correlated with the first axis (0.76 and 0.61 respectively), while presence of mud fraction was negatively correlated (-0.59). The latitude, C/N, TOC, and depth correlated with the second axis (0.46, 0.36, 0.35, and 0.34, respectively) and presence of very fine sand was negatively correlated (-0.37). Three variables were selected as significant predictors of sipunculan species distribution by the forward selection analyses: the occurrence of gravel (Monte Carlo test, F = 18.89, p = 0.002), depth (F = 6.91, p = 0.002), and latitudinal position (F = 3.91, p = 0.008). The presence of gravel explained about 16.3% of the variance of the species-environment relationship, latitude-next 5.6%, and depth-3%. The P. strombus occurrence was correlated with the percentage of a coarser grain size (gravel, coarse sand) in the sediment, the occurrence of Nephasoma diaphanes was correlated with the percentage of fine and very fine sand, while the abundance of G. margaritacea increased weakly along gradients of increasing depth, TOC, and mud fraction (Fig. 5) . Nephasoma eremita was very rarely found and occurred only in the northernmost locations (Table 1) .
Discussion
The northern Bering and Chukchi Seas are among the most productive soft-bottom marine ecosystems in the world, with very high benthic biomass, to which sipunculans, in many areas, contribute markedly (Grebmeier et al. 2006  this study). Golfingia margaritacea is the sipunculan that contributes most to high benthic biomass at specific sites due to its large size and high individual biomass (Kędra and Włodarska-Kowalczuk 2008) Kędra and Grebmeier in press). Golfingia margaritacea also often occurs in high densities which is further translated to high local biomass. Organisms in this genus are active burrowers and deposit feeders (Grall et al. 2006; McMahon et al. 2006 ) that indiscriminately ingest the substratum (Murina 1984) and later extract organic matter from the ingested material (Stephen and Edmonds 1972 ). Golfingia's body can reach over 10 cm of trunk lengthusually buried in the sediment, and several more cm of body length (introvert) can be extended outside the burrow while it searches for food on the sediment, often leaving starlike traces (Walter 1973) . Golfingia vulgaris has been described as being able to selectively collect food in sediments with small sediment grain sizes (Hansen 1978) . Thus, Golfingia species are likely to take advantage of high detritus loads in the sediments resulting from high deposition rates of organic particles. In this study we have shown that the abundance and biomass of sipunculans is correlated with TOC (e.g., the amount of detritus) in the sediments but not with the C/N ratio or the inventory of Chl a in the surface sediments, which are both means of quantifying the food quality of the settling organic matter. High deposition often is related to the weakening of currents, which commonly occurs in shallow areas of the Chukchi Sea north of the Bering Strait and other locations where currents slow down as shelves become less constrained (Pisareva et al. 2015) . The sipunculan biomass was particularly high in the deposition areas, such as the southeastern side of Hanna Shoal and the southern Chukchi Sea, and was also high in the western region of St. Lawrence Island Polynya region, the northern portion of Chirikov Basin, and in the center of Barrow Canyon. In all these regions the high primary production rapidly settles to the seafloor and fuels high benthic biomass and rich benthic communities (Dunton et al. 1989; Grebmeier and McRoy 1989; Grebmeier et al. 2006 Grebmeier et al. , 2015 Iken et al. 2010) . A similarly high sipunculan biomass is observed in the submarine canyons (Barrow Canyon, Herald Canyon) and close to the Alaskan coast (near Point Hope), where, on the other hand, fast currents are observed (Grebmeier et al. 2006; Pisareva et al. 2015) . Golfingia margaritacea is the main contributor to the high biomass in those areas, but here, P. strombus, a species smaller than Golfingia, also often occurred with the highest densities in the southwestern (Russian coast) and southeastern (Alaskan coast) Chukchi Sea and Barrow Canyon. Phascolion strombus is a semimobile, mostly epibenthic worm often living in empty shells and tubes, and collecting sediments with their tentacles (Hylleberg 1975) . The ability to seek and find shelter in tubes and shells may help Phascolion's survival in areas with fast currents. Moreover, sipunculans, including Golfingia and P. strombus, can switch to filter feeding (Gibbs 1977) , which may explain their high abundance (but lower biomass) in areas where suspension feeders dominate as they take advantage of the high flow in those locations (Pisareva et al. 2015) . However, deposit feeding is the main feeding type of all sipunculans in the Pacific Arctic, and thus sipunculans, although abundant in habitats under fast currents, do not reach such high biomass as that of in the areas of high deposition. Furthermore, the benthos in areas influenced by the swift ACW, particularly along the Alaskan coast, is mainly dominated by large epifaunal suspension feeders like sea anemones, corals, and ascidians, which successfully compete with infaunal organisms. Such patterns are also observed along the path of the ACW into the Barrow Canyon and in the Canyon itself. Another important environmental factor shaping sipunculan communities is the sediment type, which is also often significantly correlated with the TOC content (Grebmeier et al. 2006) . As already noted by other authors (Table 2) , sipunculans (the family Golfingiidae) prefer muddy sediments (Hylleberg 1975) , where they can actively burrow and feed on the organic matter on and within the sediment. In our study, G. margaritacea dominated in deposition zones with small grain sized sediments, especially silt/clay. On the other hand, P. strombus is often found in coarser sediments, e.g., sand and gravel (Hylleberg 1975) , and in this study were mainly found along the Alaska and Russian coasts and under the strong flow of ACW into the Barrow Canyon where coarser sediments occur. The P. strombus occurrence and densities are determined by both the sediment type and the number of available empty tubes that Phascolion dwells in (Hylleberg 1975 ). Phascolion strombus is also known to avoid small grain sized sediments, like soft clays, which can clog its apertures and render irrigation impossible (Hylleberg 1975) . The type of sediment that was avoided by sipunculans was sediment with high proportion of medium and fine sands. Similar results were obtained in the Barents Sea where sipunculans were more abundant on the muddy sediments and tended to avoid sandy bottoms (Garbul and Anisimova 2012) . Our results showed that sipunculan occurrence was explained by the depth factor; however, since the area sampled during this study was a shallow shelf (40-130 m, stations in deeper Beaufort Sea excluded), this correlation seems to be more of a proxy for food availability and sediment type. Similarly, the latitude can be regarded as a proxy for changing sea ice persistence and may therefore reflect different food types reaching the sea floor.
Due to their tendency to aggregate and reach high community biomass, some sipunculans (e.g., Golfingia) may become an important food source for higher trophic level fauna. In the Pacific Arctic two important sipunculan consumers have been identified: the walrus (Sheffield et al. 2001; Sheffield and Grebmeier 2009 ) and crabs (e.g., the snow crab; Divine et al. 2017) ; however, fish and gastropods can prey on sipunculans as well (Kohn 1975) . Sipunculans are a potentially nutritious food item: the mean energy (caloric) content of G. margaritacea was reported to be 18.42 MJ kg -1 but can also reach as high a value as 21.47 MJ kg -1 , which is similar to the caloric content of amphipods-an important food item for gray whales, but lower than the caloric content of bivalves and polychaetes, which are often preyed upon by walruses (Wilt et al. 2014; Wilt pers. comm.) . The Pacific walrus forage in shallow (down to 100 m) waters, usually either from nearby sea ice or from land where they haul-out, and although they can feed on a wide array of animals, softerbodied organisms with high fat and caloric contents are preferred (Sheffield and Grebmeier 2009; Jay et al. 2014) . Stomach samples are often found to include bivalves, gastropods, and polychaetes, although sipunculans are also among the frequent prey (Sheffield and Grebmeier 2009; Jay et al. 2014) . Walruses are highly dependent on the sea ice as resting platforms while foraging far from the shore (Kovacs et al. 2011) . Due to the recently observed reduction in the seasonal sea ice cover, walruses may have to change their preferred foraging sites and thus an increased foraging pressure on the preferred bivalve species may be expected (Jay et al. 2011 (Jay et al. , 2012 (Jay et al. , 2014 , potentially depleting local populations (Coyle et al. 2007 ). In such an eventuality, sipunculans may play a larger role as a walrus prey item. Similarly, sipunculans are among the favored food prey for the snow crab (Chionoecetes opilio) in the Pacific Arctic, although not the first choice (Divine et al. 2017) . Demersal feeding fish are also known to prey on sipunculans. In the Barents Sea the large individuals of Golfingia were found in 20% of demersal feeding fish stomachs (Garbul and Anisimova 2012) which suggests that demersal feeding fish in the Pacific Arctic Region may also feed extensively on sipunculans.
The role of sipunculans as bioturbators should not be overlooked. Although on the Arctic shelves many species are known to bioturbate the sediment, Golfingia-an active burrower that usually reaches large sizes and creates dense populations-may locally significantly alter the sediment properties through deep reaching bioturbation and bioirrigation. Moreover, sipunculans-if present-can largely dominate the total benthic abundance and biomass on Arctic shelves, and therefore the functioning of the local communities. However, burrowing capacities of P. strombus and N. diaphanes that both live in mollusk shells or polychaete tubes are considerably lower, and cannot be considered significant. The species that is known for its significant role in the deep sea ecosystems is the burrower Nephasoma lilljeborgi (Romero-Wetzel 1987; Graf 1989; Shields and Kędra 2009 ). The complex gallery burrows produced by this species, which can reach 30-50 cm deep in the sediment, and the associated rapid subduction of organic matter are of large importance in the deep sea ecosystems where burrowers are less common than on shelves (Romero-Wetzel 1987; Graf 1989; Shields and Kędra 2009 ). Although we have not found N. lilljeborgi in this study, and it has not been reported by other authors from the Pacific portion of the Arctic (Murina 1977; Cutler 1994) , it is possible that it inhabits deeper portions of the northern Chukchi and Beaufort Seas, and well as the Arctic Basin, as it is an important component of Nordic Seas deep communities (Shields and Kędra 2009; Kędra and Shields 2011) . However, more studies are needed in the Pacific sector deep sea to confirm its occurrence and function.
Sipunculans, if present, can significantly influence composition and functioning of the benthic communities. Here, the dominance of sipunculans in total benthic abundance reached up to 8-12% (but usually was about 1-2%). In total benthic biomass sipunculans constituted up to 50-85%, and at one third of stations, if sipunculans were found, they constituted more than 10% of total benthic biomass. The peak of sipunculan dominance was observed between 68°and 72°N and in general tended to increase northwards. Those northern areas are characterized by high deposition processes and are inhabited by diverse benthic communities that include other deposit feeding taxa like tellinid and nuculanid bivalves, and maldanid polychaetes, but also suspension feeding amphipods, and predatory lyssianasids and nepthyds (Grebmeier 2012) . The highest benthic (and sipunculan) biomass occurs at the head of Barrow Canyon, where suspension feeding Musculus bivalves and Golfingia are dominant by biomass owing to the large load of organic carbon that transits northward from the Chukchi Sea system, along with high spring primary production in the region (Hill and Cota 2005; Grebmeier 2012) . On the other hand, sipunculans were absent in the areas with lower carbon accumulation in the sediments, e.g., in the central Chukchi Sea and north of St. Lawrence Island (Grebmeier et al. 2006) , with fast currents and/or sandy bottoms (Chirikov Basin, Bering Strait, parts of the southern Chukchi Sea). In general, areas with high benthic taxa and functional diversity-and high organic matter loads-seem to favor sipunculan mass-occurrence, while areas with low amount of available organic matter and some type of environmental disturbance reduce or eliminate sipunculans from benthic communities.
The low number of sipunculan species found during this study is typical for Arctic locations (Murina 1977 ) since sipunculan biodiversity is greatest in the tropical and subtropical seas (Cutler 1994) . Species, like N. lilljeborgi and Nephasoma abyssorum, which are typical of Arctic deepsea communities ([1000 m, not sampled here; Kędra and Shields 2011) were not found in this study but are likely to inhabit the Arctic basins. Compared to the northern Bering (four species) and Chukchi (five species) Seas, the two species solely found in the Beaufort Sea seem to indicate an underestimation of Beaufort sipunculan species richness. However, this is most likely a result of sampling effort and gear used. The trawling, and generally gear designed to collect epifauna, are not efficient in collecting the infaunal sipunculan species. The van Veen grabs and box corers prove to be more effective in sipunculan collection then dredges (personal observations). This is due to the fact that sipunculans live burrowed in the sediment, but close to the sediment surface where they feed; however, if stressed, they are able to burrow deep and fast. Thus sipunculans are likely to escape dredges and surface collecting gear but it is less likely that they can avoid deep penetration grabs or boxcorers. Grabs are also useful for sampling smaller sized sipunculans, such as e.g., Nephasoma spp. Phascolion strombus is a sipunculan species living on the sediment, in shelters provided by shells and tubes, and its dominance in the dredge samples collected in the Beaufort Sea is not surprising. This means however that more effort, especially quantitative sampling with grabs, is still needed in the Beaufort Sea in order to fully determine the diversity of sipunculans and their distribution patterns. Most likely, all species found in the other Pacific Arctic seas can be expected to be present also in the Beaufort Sea.
The high production (biomass) of sipunculans, as observed in many areas of the Chukchi Sea, has been also reported from other Arctic locations, such as the Svalbard fjords (Kędra and Włodarska-Kowalczuk 2008) and the Barents Sea (Denisenko et al. 2003; Garbul and Anisimova 2012) , and the high dominance of sipunculans is a feature commonly observed in many Arctic soft-bottom benthic populations. The abundance of sipunculans, however, varies widely, from quite scattered (single specimens per m -2 , e.g., this study) to very dense, about 400 ind. m -2 in the deep Nordic Seas and the Fram Strait (Romero-Wetzel 1987; Graf 1989; Shields and Kędra 2009; Kędra and Murina 2007) , to 620 ind. m -2 in the Svalbard fjords (Kędra and Włodarska-Kowalczuk 2008) , with the highest abundances observed in our current study (1745 ind. m -2 ). This finding seems to be another typical feature of sipunculan communities globally which, if present, can occur with very high densities (Cutler 1994) . On Arctic shelves, the genus that often dominates is Golfingia (Kędra and Włodarska-Kowalczuk 2008; Garbul and Anisimova 2012;  this study), which-due to its large sizes-has further implications on the benthic biomass and energy transfer to higher trophic levels. Also P. strombus is a common shelf Arctic species (Murina 1977; Murina and Sorensen 2004; Kędra and Włodarska-Kowalczuk 2008; Garbul and Anisimova 2012 ; this study). The deep Arctic Ocean, on the other hand, is primarily dominated by species of the genus Nephasoma (Murina 1977; Murina and Sorensen 2004; Kędra and Shields 2011) which, due to its burrowing activities, has important implications for organic matter distribution in the sediment and carbon turnover (RomeroWetzel 1987; Graf 1989; Shields and Kędra 2009 ). Thus, sipunculans, although species poor, should not be overlooked in Arctic ecological studies.
